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Botanical Gazette 

JUNE, 1906 

SOME STUDIES REGARDING THE BIOLOGY OF BUDS 
AND TWIGS IN WINTER. 1 

Karl M. Wiegand. 
(WITH EIGHT figures) 

During ihc winter months in temperate and arctic climates, 
the meristematic tissues of shrubs and trees assume a more or less 
completely dormant or resting condition, and become separated 
from the surrounding atmosphere by tissues of varying thickness 
and varying degrees of resistance to the passage of water vapor. 
A detailed study of these structures during the cold period has brought 
ou: many interesting facts ordinarily escaping casual observation. 

In the twigs the cells of the cambium lie close together without 
intercellular spaces, but the cortical cells usually do not touch at 
the corners, and consequently in the cortex there is a more or less 
elaborate system of intercellular spaces. The. main structural pro- 
tective measure seems to be the firm epidermal layer with heavily 
cutinized outer wall, which is always present at this period. 

There were no stomates on the twigs in any of the species I exam- 
ined. Gas diffusion takes place mainly through the lenticels; but 
perhaps to a slight extent also through the cuticle itsdf. All the 
living cells contain a large amount of water, 51-55% in most fruit 
trees, 63% in Forsythia, and the quantity in each species is remark- 
ably constant, rarely varying more than four to five per cent., and 
usually even much less. 

Regarding the time during the previous summer when the bud 
fundament is first distinguishable, Albert 2 found that, out of 

1 Contributions from the Department of Botany of Cornell University. No. 105. 

2 Albert, P., Beitrage zur Entwickelungsgeschichte der Knospen einiger Laub- 
holzer. Forstlich-naturw. Zeitschr. 3:345, 393. 1894. 
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15 species of trees bearing scaly buds, the first leaf fundament 
in one (Betula alba) was present as early as May, in three at the 
beginning of June, in eight at the beginning of July, in two August 1, 
and in one not until September. The flowers were always formed 
later than the leaves. Some of the naked buds he found to start 
early in the previous season (Elaeagnus, Cornus); others, as for 
instance Robinia Pseudacacia, did not start until the spring of the 
year in which they were to unfold. He found that in general the 
buds were further progressed at the beginning of the winter the 
farther north the plants were native. 

Behrens 3 found that in fruit trees the flowers are first distin- 
guishable at a later date, as for example, in the cherry during July, 
and in the pear about August 11. 

My own observations lead me to believe that in many cases the 
fundaments are present quite early. The buds of the peach were 
well formed July 15, and small buds were evident in the leaf- axils 
of forest trees as early as June 1. This suggests that, in some cases 
at least, the bud fundament may be present as early as the unfolding 
of the previous winter's buds. 

Those that start quite early have usually reached an advanced stage 
in development by the time cold weather overtakes them in the 
fall. The rudimentary flower or shoot for the next season, together 
with all its organs, is present in the buds of some species, as for 
instance in the horsechestnut; while in others a varying number 
of nodes and internodes are thus stored. To inclose so elaborate 
a structure a certain number of leaves have been modified into 
scales which closely overlap, or are firmly cemented together at 
their edges around the young shoot. Such buds are found espe- 
cially upon trees and shrubs with definite annual growth. The 
scales are usually composed of several layers of parenchymatous 
cells with intercellular spaces, moderately firm and slightly cuti- 
nized epidermis, on the inner side, and a very strong heavily cuti- 
nized outer epidermis, usually supported by mechanical tissue of 
varying amount beneath. 4 The parenchymatous cells of all or 

3 Behrens, J., Entwickelung und Bau der Bliitenknospen unserer Obstbaume 
und Obststraucher. Gartenflora 47:269. 1898. 

4 For published descriptions of bud structure see: Behrens, J., /. c; Feist, 
A., Ueber die Schutzeinrichtungen der Laubknospen dicotyler Laubbaume wahrend 
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all but the outermost scales are living and contain a large amount 
of water throughout the winter. The inner scales are frequently 
almost destitute of epidermal thickenings and are quite green 'and 
fresh. Because of the much larger size of the cells in the scales, 
and much larger vacuoles, there is much more water present in these 
structures than in the young shoot whose cells are small and nearly 
filled with protoplasm. This it will be seen is an important con- 
sideration when the buds freeze during the winter. The abso- 
lute amount of water in the whole bud is however very nearly the 
same as that in the young bark, being about 51 to 55% for the 
fruit buds examined; and, as in the bark, this amount is remarkably 
constant for the species. 

The proportion of space occupied by the young shoot varies with 
the species and nature of the bud. In flower buds this proportion 
is usually greater than in leaf buds. In many cases only a very 
small fraction of the total volume is shoot-tissue, all the rest being 
composed of scales; but in other cases, as for instance the flower 
buds of pine, almost the whole volume is made up of cones, leaves, 
and stem; while the scales are very thin, dry, and firmly cemented 
together. In this case of course nearly all the water is located 
within the young shoot. The spaces between the various organs 
and scales usually contain air alone; but in some cases, as for example 
in apple and horsechestnut, there is also a large amount of wool 
present in which the organs are seemingly imbedded. In Populus 
and some other trees the spaces are more or less completely filled 
with resin. 

Buds of most indefinite growers differ from those of the majority 
of definite growing trees in two essential ways : in the slight develop- 
ment of the fundament, and in the usual absence of scales. The 
young shoot is most frequently represented merely by a growing 

ihrer Entwickelung. Nova Act. Leop. Carol. Ak. Naturf. 2: 303-344, 1887, Ref. Bot. 
Centralb. 36:43. 1888; Schumann, C. R. G., Anatomische Studien iiber die Knos- 
penschuppen von Coniferen und dicotylen Holzgewachsen. Biblioth. Botan. 15:32. 
Cassel, 1889, Ref. Bot. Centralb. 42: 275. 1890; Gruss, J., Beitnige zur Biologie 
der Knospen. Jahrb. Wiss. Bot. 23:637. 1892; Lubbock, J., On buds and stipules. 
Jour. Linn. Soc. 30:463-532. 1895; 33:202-269. 1897; Cadura, R., Physiologische 
Anatomie der Knospendecken dicotyler Laubbaume. Breslau, 1887, pp. 42; Mikosch, 
K., Beitrage zur Anatomie und Morphologie der Knospendecken dicotyler Holzge- 
wachse. Sitz. Konig. Akad. Wiss. Wien Math. Wiss. Kl. 74 1 : 723-755. 1877. 
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point without well-developed lateral organs, and can therefore be 
protected more economically by being sunk in a pit produced by 
a ring-like growth of cortex and cork, as is commonly the case. 
This pit is then closed at the mouth by an ingrowth of the cork 
itself, as in Gleditschia, or by a feltlike mass of hair, as in Robinia 
and other species. 

In the case of the large buds with the shoot considerably advanced 
in growth, the bud-scale method seems the only feasible way of 
covering them. Another advantage in this method lies in the tele- 
scopic expansion of which scaly buds are capable early in the season 
while unfolding. Growth is thus permitted, but at the same time 
the protective qualities are not lost. In the maples and horse- 
chestnut the tube formed by the enlarged scales often reaches the 
length of 2 to 8 cm . By this means buds may open early in the spring 
and still be protected from excessive transpiration. Scaleless buds 
usually remain nearly dormant until later in the spring when the 
weather conditions are not so severe. 

PHYSICAL PHENOMENA OF BUDS AND TWIGS WHEN NOT EROZEN. 

The scaleless buds of the indefinite growing trees and shrubs 
grow very little before or during the winter. In the autumn the 
very limited growth is soon stopped by the advent of cold weather, 
and from this time until late spring scarcely any change can be 
detected. With the scaly buds however it is otherwise. From 
the inception of the fundament in July or June until cold weather 
there is a very considerable growth resulting in the buds of various 
sizes found upon the different species of trees during the winter. 
Little accurate work has been done towards determining the char- 
acteristics of this growth, but the results obtained in our laboratory 
by W. M. Morgan during the fall of 1901 seem to show that in 
the case of fruit trees the growth is very uniform and gradual up 
to about November 15. In some cases slight fluctuations occurred 
which could not be accounted for, and in one or two instances these 
seemed periodic; but on the whole there appeared neither accel- 
eration nor retardation until the time mentioned, when the increase 
in size ceased quite abruptly. From the middle of November until 
March 1 there was no growth in peach buds, the curve remaining 
almost exactly horizontal and fluctuating very little. On March 23, 
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several days of warm weather occurring, the peach buds began 
to grow rapidly and uniformly until April 23, one month later, 
when they came into flower. With the apple and apricot the results 
were very much the same. Growth almost ceased November 15, 
and from this time until March 1 the increase was apparent but 
exceedingly slight, amounting to only \ to 1%. Renewal of activ- 
ity began March 1, and from this time until April 23, seven weeks 
later, when the apricots flowered, and eight weeks later, when apple 
buds opened, the growth was very rapid. The curve after growth 
began was not so gradual as in the peach, but became much accel- 
erated just before the flowers appeared. 

Mr. Morgan's observations were as a matter of fact quite exten- 
sive, but only the above summary can be given here. At intervals 
of one week through the fall, winter, and spring, buds were taken 
from the same tree and as nearly as possible from shoots of the 
same vigor, a large number were measured, and the average taken 
as representing the size at that time. It was found impracticable 
to measure the same bud at different times, owing to the difficulty 
of manipulating the micrometer out of doors on very cold days, 
as well as to the fact that the measurements were liable to be taken 
at different temperatures each time. A Zeiss cover-glass measurer 
was found the most convenient instrument for the work. From 
the tables thus made a great many curves were plotted representing 
the changes in various fruit trees. The results, however, agreed 
very well, and in the peach, apricot, and apple were as stated above. 

From these careful observations, therefore, contrary to the general 
belief, it seems that fruit buds at least do not grow to any extent 
in winter. Their swelling period is confined in the north to a few 
weeks just previous to the opening of the bud. Regarding our 
forest trees and shrubs no accurate work seems to have been done 
toward the determination of their curve of growth. From casual 
observations, I am inclined to believe that a majority will be found 
to agree with the fruit buds. This seems to be true of the sugar 
maple, whose buds are practically as large in November as in early 
March, also of the ash, oak, etc. On the other hand, the buds of a 
few plants, as, for instance, Salix discolor, Ulmus fulva, and Ulmus 
scabra, seem to increase in size early in February. However, actual 
measurements are necessary to determine these points. 
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Kuster 5 found that during a specially mild winter the buds 
of maple did show a very slight growth both in the lateral organs 
and in the young axis. No new organs were started either in maple 
or other species examined, except rarely in Alnus cordi folia. 

Albert 6 found that practically all buds became dormant soon 
after leaf-fall until spring again. The first change in spring was 
a stretching of the tissues, further development of the parts taking 
place only later. 

It is a known fact in physics that the amount of heat absorption 
varies, among other factors, with the color of the body investigated. 
In other words, the same body if colored differently will absorb 
a varying amount of heat from a constant source, depending upon 
the color. Winter buds and branches are in many cases highly 
colored, and the question naturally arises as to how this affects 
the heat absorption of the bud during the winter and spring months. 

Regarding the extent to which color will affect heat absorp- 
tion, in addition to the records in works on physics, the experiments 
of Whitten 7 are interesting. He found that thermometer bulbs 
wrapped in muslin of different colors, green, purple, black, and 
white, or with pieces of muslin of these various colors spread over 
them, or with the bulbs coated with a wash of similar colors, showed 
a marked difference in reading when exposed to bright sunlight. 
The average difference between the black- and white-washed bulbs 
was 1 6°, between the white and purple 15 , and between the white 
and green 13 . At one time a difference of as much as 21 between 
the white and purple bulbs was found. 

However, the actual experiments with buds have been rather 
few and the results are not so definite as one might wish. The 
most elaborate were those of Whitten described in the above-cited 
report. He selected a row of peach trees containing several vari- 
eties, and whitewashed them during the winter. During warm 
days of the unusually changeable winter the unwhitened buds 
swelled considerably, and during subsequent cold spells most of 

s Kuster, E., Ueber das Wachsthum dcr Knospen wahrend des Winters. Beitr. 
Wiss. Bot (Funfstuck) 2:401. 1898. 

<> Albert, P., Beitrage zur Entwickelungsgeschichte der Knospen einiger Laub- 
holzer. Forstl.-naturw. Zeitschr. 3:345-376, 393-419. 1894. 

7 Whitten, J. C, Winter protection of the peach. Bull. t,S. Missouri Agric. 
Exp. Station, April 1897. 
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them were killed. The unwhitened buds swelled and grew percep- 
tibly before any swelling could be detected in those that were whitened. 
The difference in size March 20 was plainly shown in drawings 
of the sections of the two classes of buds. Whitened trees came 
into bloom about one day later than unwhitened trees of the same 
variety. In 1896-97, owing to a more moderate spring, the differ- 
ence in time of flowering was still greater. The whitened buds 
of each variety opened two to six days later than those that were 
not whitewashed. 

The differences in the actual time of flowering, however, does not 
express the difference in time of the swelling of the buds. The 
whitewashed buds did not begin to swell until almost time for the 
flowers of normal trees to appear, while the unwhitened ones began 
to swell three or four weeks earlier, as shown by the drawings above 
mentioned. 

These experiments of Whitten seem to show that in the peach, 
at least, the dark-purple color of the buds tends to cause earlier 
activity in the spring, accompanied by earlier swelling and flower- 
ing. The only doubt, it seems to me, lies in the effect of the white- 
wash upon the growing tissue. As mentioned below, some non- 
porous substances seem to retard respiration perhaps to such an 
extent that growth also is retarded, but the whitewash would seem 
porous enough to escape this criticism. In a more recent paper 
Whitten 8 has shown that the temperature within whitened and 
unwhitened twigs differs by several degrees. In bright sunlight 
the difference was as much as 15 C, the unwhitened being the 
warmer. The whitened twigs were nearly of the same tempera- 
ture as the atmosphere. 

Whitten 9 has also shown that purple peach twigs transpire 
considerably more than green ones. This was probably due to 
the greater temperature and is probably an additional factor in 
the winter-killing of the peach. , 

8 Whitten, J. C, Preventing frost injuries by whitening. Pacific Rural Press 
60:276. 1900. 

9 Whitten, J. C, Das Verhaltnis der Farbe zur Totung von Pfirsichknospen 
durch Winterfrost. Inaug. Diss. Halle. 1902. p. 35. See also in this connection 
Macoun, W. T., Some results of experiments in spraying, etc. (whitewashing to 
retard bud development.) Ontario Fruit Growers Ass. Rep. 1899:100, and "Experi- 
mental Farms," Canada, 1899:92. 
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Wishing to determine the effect of natural color and surface 
of buds upon the absorption of heat, I carried through several experi- 
ments with horsechestnut buds, which gave some interesting results 
as follows. 

On February 8, in bright sunshine, a large horsechestnut bud 
was obtained and the scales dissected away, care being taken that 
they were not unnecessarily injured. Two thermometers previously 
tested as to accuracy were obtained, and over the bulb of one the 
bud scales were carefully imbricated and firmly held in place by 
a few turns of black thread. There was enough resin present to 
cement the scales firmly together and thus form an artificial horse- 
chestnut bud with the thermometer bulb in place of the normal 
shoot. The instruments were then placed on a table out of doors 
and in the shade where they were allowed to lie. As soon as the 
readings were nearly the same, 10 the table and instruments were 
carried to a place in full sunshine, care being taken that the two 
bulbs projected about 6.5 cm beyond the edge of the table so as 
not to be affected by direct radiation from the surface of the latter. 
The readings were taken as follows: 

TABLE I. 

Horsechestnut bulb and naked bulb, from shade out of doors to sunlight. (See fig. /.) 



Naked bulb 


Horsechestnut 
bulb 


Time 
min. & sec. 





Difference 


r-° f. 


32° F. 


0:00 


° 


F. (o.o°C.) 


33 


3 2 


: to 


1 


°-5 


34 


33 


0:30 


1 


o.5 


34- 5 


34 


t : 10 


°-5 


0. 2 


35 


35-7 


1:30 


0.7 


0.4 


36 


37 


2:00 


1 


0.5 


36 


38 


2:30 


2 


1.0 


37 


31 


3:00 


2 


1 .0 


31 


40 


3' 3° 


3 


1.6 


31 


4 2 . 


4:00 


5 


2.8 


38 


44 


4:3° 


6 


3-3 


38 


45 


5:10 


7 


39 


38 


48 


6:00 


10 


5-5 


38 


49 


7:00 


11 


6.1 


3'* 


5° 


1 : 00 


12 


6.6 


31 


5i 


14:00 


12 


6.6 


3^ 


52 


19:00 


13 


7.2 


31 


53 


24:00 


14 


7-7 


31 


54 


29:00 


i5 


8.3 



10 They could not be made to read the same because the overcooling point in the 
bud had been reached. 
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Fig. i. horscchestnut bulb; 

ordinates, 2 minutes. See Table I. 



naked bulb. Abscissas represent 5 F.; 



No further rise was noted, although the instruments remained 
in place more than an hour. The experiment was repeated several 
times during the spring, both with the same bud and with a fresh 
one, in every case with practically the same result, namely a much 
faster rise in the bud-bulb, amounting finally to an excess cf 5 to 
12 C. over the other bulb. 

That the above differences were due mainly to the dark brown 
color of the bud seems probable from another series of experiments 
in which the naked thermometer-bulb was coated with brown 
drawing ink. Readings were taken under the same conditions 
as before. In these cases the difference was but slightly in favor 
of the horsechestnut bulb, probably because of the less highly pol- 
ished surface of the ink bulb. It would seem, therefore, that the 
point is fairly well demonstrated that in the case of the horsechestnut, 
at least, the color does make considerable difference in the absorb- 
ing power of the bud as regards heat. Although no experiments 
were performed, there seems no reason why the same should not 
be true also of other dark-colored buds. 

With these results in mind I made a few observations one spring 
to see if there was any relation between the color of the buds and 
the time of swelling and opening. It seemed reascnable to expect 
that the darker the bud, and consequently the more heat absorbed, 
the earlier the bud would swell and open in the spring; and all the 
more because this was the exact conclusion reached by Whitten 
with his peach experiments. Unfortunately, accurate record of 
the time of swelling and of opening were not kept; but still I believe 
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some important general tendencies can be made out from the notes, 
and therefore the following table is inserted: 



Name 


Color of buds 


Time of 
opening 


Magnolia acuminata 


yellow-gray or olive 

yellow-gray 

pale, whitish 

pale, grayish 

gray 

yellow 

pale 

pale, yellowish 

olive 

olive 

yellow-brown 

olive or purple 

brown 

brown-purple 

brown-purple 

bark olive-brown 

red 

dark brown 

red 

purple 

red, brown, or gray 

red or dark olive 

dark brown 

black 

black 


late 


Ailanthus glandulosus 

Acer Negundo 

Juglans cinerea '-.-.. 

Quercus alba 

Salix alba 


late 

medium 
very late 
very late 
early 

very early 
early 
late 
medium 


Populus grandidentata. . . 

Syringa vulgaris 


Betula lutea 

Fagus americana 


Populus dilatata 


medium 


Salix cordata 


earlv 


Salix Bebbiana 

Salix sericea 


medium 
early 
early 
medium 


Salix petiolaris 


Acer Saccharum 


Tilia americana 


medium 


Aesculus Hippocastanum 


early 

very early 
very early 
early 
medium 


Acer saccharinum 


Prunus persica 


Other species of Prunus and Pyrus. . . . 
Crataegus coccinea 


Ulmus fulva 


early 

very early 
very early 


Ulmus scabra 


Salix discolor 





It is not to be expected that the time of opening or even the time 
of swelling will in all cases be proportional to the color of the buds 
alone. The protoplasmic characteristics of the particular species 
or genus undoubtedly play a very important part; but bearing 
this in mind the following suggestions appear in the above table. 
Nearly all of the light-colored buds are also late to swell and open. 
None of the dark red or especially the black buds open late. On 
the other hand, a few light buds, as for example those of Syringa, 
Populus, and Salix alba, open quite early. This may be due to 
more easily aroused protoplasm than is present in most buds. Pos- 
sibly if these buds were black they would open still earlier and 
therefore suffer injury from the frost; thus the present lighter color 
may serve as a means of protection. 

During the spring of 1901, about March 1, some experiments 
were started to determine if possible whether other buds might 
be influenced by color in a way similar to the peach buds white- 
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washed by Whitten. Instead of whitewash, black paint was 
used to see if they might be made to open earlier. Two kinds of 
paint were prepared, one made of lamp black mixed with linseed 
oil, the other of lamp black and xylol. Buds and twigs of Syringa 
vulgaris, Ailanthus glandulosus, Populus dilatata, and apple were 
treated to a coat of oil paint; while some others of Syringa, Ailanthus, 
and apple were coated with xylol paint. The results were as follows : 

Syringa. — Xylol-painted buds much behind the normal during vernation; 
they looked unhealthy, one or two being entirely dead. Oil-painted buds never 
began to swell, all dead. 

Ailanthus. — The xylol paint made no difference with the killing back of 
the branches nor with the development of the buds. Oil paint prevented the 
swelling of the buds; they never opened. 

Apple. — Xylol-painted buds much behind the others: one completely dead. 
Oil-painted ones all dead. 

Populus dilatata. — Oil-painted buds showed much more rapid swelling than 
normal. When just opening the blackened buds were 6 to 8 mm longer. 

These results are evidently in the main exactly opposite what 
we were led to expect. I suspect that the explanation lies in this, 
that the coating of the surface of the bud with paint prevented res- 
piration, and thereby inhibited growth just as did varnish used 
on naked buds as described later in this paper, although it is possible 
that some toxic property of these substances might have had some- 
thing to do with the matter. The xylol furnished a much more 
porous layer than did the oil, and the inhibition was therefore much 
less. The buds of Populus dilalala are normally almost completely 
infiltrated with resin in the spaces between the organs and on the 
surface, and consequently may have some other means of obtaining 
oxygen for respiration. The coating even with oil paint, therefore, 
did not injure them. On the contrary, the black color seemed 
to cause an acceleration in growth. 

In concluding this part of the subject w T e may say that in the 
climate of New York, buds during the winter seem to remain in 
an almost dormant condition until a short time previous to their 
opening in the spring. In Missouri swelling of peach buds began 
much earlier than in New York. 

Color through its power of absorbing heat seems to have some 
effect upon the growth of buds in the spring. Early buds are in 
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most cases dark, and artificial darkening, when unaccompanied 
by deleterious factors, seems to accelerate the opening. 

PHYSICAL CONDITIONS IN FROZEN BUDS AND TWIGS. 

From many inquiries it would seem that very few people are 
really sure whether free ice is actually present in buds in winter. 
Nevertheless, this is one of the most common phenomena connected 
with the whiter condition of trees and shrubs. To put the matter 
on a firm basis of observation I undertook, during the winter of 
1 901, to section buds of various trees during cold periods and to 
determine under the microscope the amount of ice present. The 
method employed was as follows. Early in the morning, at about 
sunrise, after a fall of temperature to — 18 C. or below, a table, 
microscope, razor, needles, slides, and cover glasses were placed 
in a shady situation in the open air, where they were allowed to 
become thoroughly cooled. Free-hand cross sections of the various 
buds were then made, and mounted on the slide. For a mounting 
medium cedar-wood oil was found best. A small quantity of this 
in a vial was allowed to cool with the instruments. One important 
advantage in the use of cedar-wood oil over those of a denser nature 
lay in the fact that it did not congeal at the low temperatures of 
the experiment. The ice remained unmelted in the preparation 
and could be observed at leisure; or if the thawing process was 
under study the slide could be carried to a warm room and placed 
under another microscope. The melting ice was unable to evapo- 
rate from the section, and therefore it was easy to determine whether 
the water was all reabsorbed, and the approximate rate of absorp- 
tion. 

The ice was found to occur always in broad prismatic crystals 
arranged perpendicular to the excreting surface ; and usually formed 
a single continuous layer throughout the mesophyll of the scale or 
leaf, to accommodate which the cells were often separated to a con- 
siderable distance (figs. 2, 3, 4). This ice sheet was composed of 
either one or two layers of the prismatic crystals, depending on the 
water content of the adjacent surfaces, and was often as thick as the 
whole normal scale. The cells surrounding the ice, having lost their 
water content, were in a more or less complete state of collapse, 
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depending upon the resistance of the walls, and often occupied 
a space smaller than the ice itself. These cells were uninjured, 
however, and would resume their normal condition on thawing. 
In all cases more ice was found in the scale than in the young shoot ; 
never between the scales but always in the mesophyll. The cells 
of the embryonic shoot were so much smaller and their water content 
so much less, that frequently it was difficult to detect any ice forma- 




Fig. 2. — Populus dilatata: cross-section of bud, showing ice in bud-scales and 
foliage leaves. 

tion whatever; but ordinarily very minute and numerous masses, 
at least, were scattered between the cells, and sometimes there were 
large masses such as appear in the outer organs. In young anthers 
the ice often filled almost the entire anther cavity, and in it the pollen 
grains were imbedded in a completely collapsed state. 

The results of the observations regarding the occurrence of ice 
in buds may be summarized briefly as follows. The temperature 
was -23.5° C. to -18 C. 
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i. Tissue packed full of ice in shoot and in mesophyll of scales forming 
sheets parallel with the surface; rapidly and completely reabsorbed when the 
sections were thawed in oil. Sponging out of sections very marked. — Populus 
dilatata (fig. 2) and P. candicans, Prunus serotina and P. virginiana, Betula 
lenta, Acer Negundo, Pyrus Mains and P. communis, Aesculus Hippocasta- 
num. 

2. Containing a large amount of ice, but the water tardily reabsorbed on 
thawing in oil. — Acer Saccharum, Tilia americana, Ulmus stabra, Crataegus 
punctata {fig. 3). 




Fig. 3.- 
floral parts. 



-Crataegus punctata: cross-section of bud, showing ice in bud-scales and 



3. No ice could be found at o°C. Tissue dense, of small cells. — Castanea 
dentata, Hamamelis virginiana, Fagus americana, Fraxinus americana, Jug- 
lans cinerea, Corylus rostrata, Quercus alba, Hicoria ovata. 

4. Other cases. — In Pinus Strobus and P. sylvestris there was a moderate 
amount of ice in the shoot and in the anther as well as in the inner scales. In 
Syringa vulgaris there was a very large quantity of ice in the scales and young 
shoot, especially in the anthers (fig. 4). In Viburnum dentatum and Prunus 
persica the amount of ice was small, but water was quickly reabsorbed. 
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Of the twenty-seven plants examined there were only eight that 
showed no ice in the buds at — 18 C. These eight were sectioned 
later at — 26.5 C, with the result that in Castanea, Hicoria, Fraxi- 
nus, and Juglans numerous minute ice crystals were found between 
the cells. It would seem, therefore, that ice may be found in all 
buds if the temperature is sufficiently low. 

The accompanying illustrations are reproductions of photo 
micrographs taken by the writer during periods of low temperature. 




Fig. 4. — Syringa vulgaris: cross-section through flower bud while frozen; the 
light spaces filled with ice. 

When the mercury registered at zero Fahrenheit or below, freehand 
sections mounted in oil as already described were photographed, 
the apparatus being set up in the open. The conditions for sec- 
tioning were so strenuous that very thin sections could not be obtained, 
and hence the rather poor quality of some of the photographs. The 
palisade-like ice prisms fill the light areas through the mesophyll of 
the scales and young leaves. 
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The question naturally arose as to the cause of the difference 
in ice content and why ice was absent in the eight species mentioned. 
Since lowering the temperature from — 1 8° C. to — 23.5 C. caused 
the appearance of ice in some, it would seem therefore to be simply 
a matter of temperature. But the degree of cold necessary to 
cause the separation of ice is proportional to the force which holds 
the water in the tissue. This in turn depends upon the relative 
proportion of water to cell- wall and protoplasm. We should expect, 
therefore, to find in those buds which are difficult to freeze a smaller 
amount of water than in other buds; also smaller cell-structures, 
since by this latter means the proportion of cell-wall and proto- 
plasm is increased. When cells become smaller it is usually the 
water content that most rapidly diminishes, the protoplasm follow- 
ing at a much lower rate. I have made the following measurements 
of the cells and water content in seven of the species in which there 
was much ice, and in seven in which ice did not appear at — 18 C. 



Max. aver, 
mm. 



Min. aver, 
mm. 



Text, of wall 



I 



% of water 



A. Ice abundant in bud-scales, leaves, 
and growing point — 

Crataegus punctata 

Ulmus scabra 

Syringa vulgaris o. 

Acer Negundo ! o. 

Prunus serotina 

Populus dilatata 

Betula lutea 

B. Ice not present at — 18° C 

Quercus alba 

Corylus rostrata 

Castanea dentata 

Fagus americana 

Hicoria alba 

Juglans cinerea 

Fraxinus americana 



040 

°5i 
0045 
021 
.021 
.025 
.018 

• OI 5 
.018 
.018 
.008 
.048 
.012 
.021 



0.012 
0.015 
0.009 
0.009 
0.015 
o. 018 
0.006 

0.006 
0.006 
0.015 
0.003 
0.015 
0.003 
0.003 



thin 



thick 



very thick 
thick 



49 
46 

53 

45 
47 
39 
37 

22 
29 

25 
26 

3 1 

25 
29 



Our supposition regarding the smaller size of the cells and 
smaller water-content in the second group, therefore, seems to be 
upheld by these results. 

In the twigs ice is also present in very cold weather, where it 
may be found in three different localities. The largest quantity 
occurs in the cortex, where the ice crystallizes in prisms arranged 
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in single or double series according to the law of freezing tissues. 
The ice is more frequently in the form of a continuous ring, or really 
a cylinder, extending entirely around the twig, prying apart the 
cells of the cortex in which it lies. The outer cylinder of cortex 
in such twigs is completely separated from the inner layers when 
frozen. In a few species instead of the continuous layer, lens- 
shaped ice masses are interpolated irregularly throughout the cortex. 
The cortical cells after the withdrawal of the water are as com- 
pletely collapsed as were those in the bud scales, but they also 
usually regain their normal condition on thawing. In the wood 
ice rarely forms in large quantities. It is usually confined to small 
masses in the vessels themselves, or, according to some authors, 11 
sometimes extends in radial plates in the pith rays. In sectioning 
twigs, I myself have never seen ice in the wood elsewhere than in 
the vessels or wood-cells. In the pith the ice, so far as I have been 
able to observe, always occurs within the cells and therefore in very 
small masses. 

At the time when the buds were sectioned, cross-sections of the 
twigs were made and mounted in the same manner. Ice was 
found in the cortex of all those in which it was present in the bud, 
but usually in proportionately larger quantities. It was also found 
in the following species which showed no ice in the buds : Corylus 
rostrata, a small amount in large clefts in the cortex; Castanea 
dentata, some ice in ordinary small spaces of the cortex but not 
aggregated; Hamamelis virginiana, a ring of ice completely around 
the stem in young twigs. In Fraxinus, Fagus, and Juglans none 
could be found, and Quercus was not investigated. 

Since water on freezing increases in volume, one would at first 
thought expect the frozen twigs to be larger in diameter than normal. 
Such, however, is not the case. In every instance a distinct con- 
traction occurred, which in some cases was very marked. 12 

11 Muller-Thurgau found ice present in the large vessels of Syringa, Cornus, 
and in pears, almost completely filling them; and several times he could also dem- 
onstrate it in the wood-cells. The ice was the most distinct, however, in the vessels 
of the grape. Ueber das Gefrieren und Erfrieren der Pflanzen. II. Landw. Jahrb. 
15:481. 1886. 

12 Both Sachs and Muller-Thurgau have shown that a similar contraction 
occurs quite generally when herbaceous tissues freeze. Sachs, J., Krystallbildung 
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To determine the exact amount of contraction the Zeiss cover- 
glass measurer was used. Pieces about io cm long of one or two 
year old twigs taken at — 18° C. were inserted in the clamps of the 
machine, a record taken, and then the whole carried to the warm 
laboratory. The increase in size on thawing could be followed 
by watching the movement of the indicator as the ice melted, and 
when at last stationary another reading was taken. Some results 
are given in the following table: 



Corn us stolonifera 
Tilia platyphyllos 
Populus dilatata. . 
Acer platanoides. . 

Pyrus Mai us 

Salix cordata . . . . 



Frozen 


Th 


iwed 


2 . 58mm 


2 . 6o mm 


3 


38 


3 


43 


2 


°3 


2 


10 


3 


18 


3 


3^ 


3 


n 


3 


28 


4 


72 


4 


80 


2 


82 


2 


86 


3 


44 


3 


48 


2 


97 


3 


°3 


3 


89 


3 


95 


5 


34 


5 


44 


5 


80 


5 


94 



Difference 



0.02 m m 

O.05 

O.07 

O.I2 

O. I I 

O.08 

O.C4 

O.O4 

O.06 

O.06 

o. 10 
0.14 



Exp. or contr. 



expanded 



Many twigs at — 18 C. or below appear very much wrinkled on the 
surface as though dried and dead. This is especially true of the 
polished shoots of Salix cordata. On very cold mornings shoots 
of this species appear as though dead and dry, the bark being com- 
pletely covered with fine longitudinal wrinkles. Some of these 
shoots were brought to the laboratory and allowed to warm, during 
which process the disappearance of the wrinkles could be watched 
with ease. In about ten minutes the twigs were entirely smooth 
and normal. It was from such twigs that the above readings were 
taken. To show more graphically the expansion during thawing, 
some twig-sections about io cm long were taken from the same willow 
and the ends while still frozen dipped in melted paraffin. The 
caps thus produced at the ends of the twig were in every case rup- 
tured down the side on thawing, leaving in most cases a cleft of 
considerable size between the two edges. Twigs of plum were 

bei dem Gefrieren u. Veranderung der Zellhaute bei dem Aufthauen saftiger Pflan- 
zentheile. Bericht Verhand. Konig. Sachs. Gesell. Wiss. Leipzig, Math.-Phys. Klasse 
12:1-50. i860. Muller-Thurgau, H., Ueber das Gefrieren und Erfrieren der 
Pflanzen. Landw. Jahrb. 9: 187. 1880. 
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also much wrinkled, those of Negundo and apple showed a slight 
furrowing, those of black cherry and pear scarcely any at all. 

The photographs of wrinkled twigs of Salix cordata, reproduced 
in the accompanying illustrations (fig. 5), were made in the open 
at a temperature of — 20 C. The same twigs were then placed 
in the laboratory, and after about one hour were photographed 
again. The slightly wrinkled appearance in the upper shoot in 




Fig. 5. — Salix cordata: A and B, twigs photographed in the open at— 20°.C, 
showing wrinkled condition due to contraction; C and D } the same twigs thawed in 
the laboratory; the furrows have disappeared except the minute normal striae on 
the lower twig. 

the second photograph was normal for that shoot when thawed, 
during both winter and summer. 

It seemed desirable to determine whether this contraction was 
mainly in the bark or in the wood or in both. At a temperature 
of —1 8° C. much wrinkled twigs of Salix cordata were collected, 
and the following measurements made: 
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With bark on twig the diameter, 7.8o mm expanded to 8.04 mm on thawing; 
difference o.24 mm . With bark removed from a small spot for the clamps of the 
measuring instrument, the diameter, 5.05™™, expanded to 5.15™™; difference, 
io mm . 

Therefore more than half of the total expansion was in the bark. Thickness 
of the bark was 0.5 mm on each side; thickness of the wood and pith, 2.o5 mm 
on each side; expansion of the bark, therefore, was 13.5 per cent.; of the wood, 
only 2 . 5 per cent. 

With thicker twigs, containing more hard wood, the expansion 
would have been still less. 

Where the bark was whittled away entirely around the end of 
the twig and for some distance back, the expansion of the wood 
was not detected; probably because water had passed to the bark 
to freeze and being removed there was none to cause swelling again 
when the twig thawed. 

The explanation of the contraction of twigs on freezing probably 
lies in the following considerations. When the water is extracted 
from the walls of the wood- cells, the latter contract to a slight extent 
just as they do when wood seasons. This accounts for a part of 
the shrinkage. The rest and greater part occurs in the cortex. 
Here the intercellular spaces are quite large and numerous, and 
are normally filled with air. When freezing occurs the ice forms 
in the spaces and the cells collapse, while the air is mostly driven 
completely out of the twig. The contraction in the cortex will 
be approximately equal to the volume of air expelled plus that of 
the air compressed minus the expansion of the ice while freezing. 
This is for contraction in all directions; only a portion of this will 
be radial, depending upon the structure of the particular species; 
much the greater part, however, is radial in all twigs. 

With buds the study is not quite so easy. The record of buds 
measured at — 18 C. and then again after thawing is shown in the 
adjoining table. 

From this table it will seem that in all cases, except in Populus 
and Acer, there was a decided increase in size on freezing and a 
consequent decrease when thawing out. In the two named cases 
there was a slight contraction as in the twigs. It is not quite clear 
why the buds should behave so differently from the twigs. The 
only explanation I can offer at present is that the contraction of 
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Cornus stolonifera 
Tilia platyphyllos 
Populus dilatata. . 
Acer platanoides. 

a a 

Pyrus Malus .... 
Prunus persica. . . 
Primus americana 



2 . 2 2 mm 

2^66 

3- l S 

2.77 

3-°3 
5.06 

4-34 
4. 16 
4.92 
4.04 
4.72 
2. 62 
2.50 
2. 72 
2.17 
1.78 
2. 10 



Thawed 



2 . 20 mm 
2.6l 

3-54 
3-°7 
2.77 

3-°4 

5.08 

4-34 
4.17 
4.88 

4-°3 
4.68 

2-59 
2.46 
2.66 
2.09 
1. 71 
2.06 



Difference 



. 02 mm 

•05 
.09 
.08 
.OO 
. OI 
.02 
.00 
.OI 
.04 
.OI 
.04 

•03 
.04 
.06 
.08 
.07 
.04 



Contraction or 
expansion 



contraction 



o 
expansion 



contraction 



the wood is eliminated, of course, and that the formation of ice tends 
to bow out the scales so that they stand less closely together. If 
the bud scales curve like leaves in freezing this result is to be expected. 

When the temperature rises sufficiently, the buds and twigs thaw 
out and regain their normal condition. In the sections under the 
microscope the reabsorption was so rapid as in most cases to be 
entirely completed when the ice itself had finished thawing. This 
results in an active sponging-out movement in the sections as 
the cells recover from their collapsed condition (fig. 6). On account 
of the rapidity it is frequently difficult to keep the point of observa- 
tion in the field of the microscope. Thawing seems not to harm 
these tissues in the least, no matter how frequently or how abruptly 
it is done. I have often tried the experiment of transporting twigs 
abruptly from — 18 C. to the warm laboratory at 21 C. and back 
again several times, thus alternately thawing and freezing them. 
No matter how many times this was repeated no injury could be 
detected in the buds, even when subsequently placed in the green- 
house to grow. 

Buds and twigs do not thaw at o° C. if the rise in the surrounding 
temperature is gradual, as it is in atmospheric changes, but at a 
much lower degree. The thawing like the freezing is proportional 
to the temperature, and is almost if not quite completed when the 
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freezing point of the tissue is reached. This, in the case of buds, 
lies at about — 3 . 5 C. to — 2 . 3 C. Hence, if tissues which have been 
subjected to — 1 8° temperature in the open are to be observed with 
the maximum ice content, it must be while the temperature is still 
low. If in the morning the temperature has risen to — 7 C. before 
observations are made, very little more ice will be found than if the 
cooling to — 7 C. had just taken place. 13 




Fig. 6. — Syringa vulgaris: same section as in fig. 3 thawed in the laboratory; 
note sponging out of tissue and closing of spaces occupied by the ice. 

J 3 Goeppert gives a similar experiment. "Twigs with buds of Cornus mas- 
cula, Prunus Cerasus, and Aesculus Hippocastanum were on January 2, 187 1, placed 
ten hours at a temperature of —16 to — 20 C. Then while frozen stiff they were 
plunged into the warm tube of an oven at 25 C. and placed in water for further obser- 
vation. They developed later just as others that had not been subjected to this 
experiment." Some other experiments with herbaceous plants led Goeppert to 
believe that in most cases alternate thawing and freezing, when taking place many 
times, gradually weakened the tissue. Ueber das Gefrieren, Erfrieren der Pflan- 
zen und Schutzmittel dagegen. Stuttgart, 1883, p. 33. 

Whitten believes that rapid thawing and freezing is very detrimental to the 
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WINTER FUNCTION OF BUD SCALES. 

Bud scales are obviously for the purpose of protecting the tender 
inner shoot from detrimental external influences; but how is this 
protection accomplished ? This is a subject regarding which 
opinion has varied widely and does still at the present time. I 
believe we shall find that the most widely accepted views, strangely 
enough, are not the correct ones, even though the subject appears 
so simple. We can conceive of such protection taking place along 
four lines: (1) by keeping out external moisture; (2) by preventing 
the penetration of cold or sudden changes of temperature; (3) 
by preventing the escape of internal moisture; (4) by warding off 
external mechanical injury. It seems best to discuss each of these 
in turn, and in this way determine the. extent to which each one 
is operative. 

External moisture. 

There is a widespread belief that bud-scales function by keeping 
out the wet. The subject, however, is a difficult one to determine 
experimentally, and I can find no reference in literature to such 
experiments having been performed. Let us first determine the 
possible ways in which water might be supposed to injure the embry- 
onic tissues. First, the cells might absorb too much water and 
thus become more sensitive to frost. It seems quite reasonable to 
believe that a cold spell following such an event might c nd the life of 
the bud completely. Again, through gradual absorption of the air 
by the water the latter might replace the air in the intercellular spaces, 
thus preventng free respiration. Or again, if a thawing bud were 
surrounded by water, the latter, instead of air, would be drawn in to 
fill the vacant intercellular spaces, the final result being the same 
as in the last case. Lastly, one might expect that the freezing of free 
water between the embryonic foliar and floral parts might cause 
mechanical injury. 

purple buds and twigs of peach. Green twigs and especially whitened ones warm 
up less each day and this color would therefore be protective. I believe it may quite 
likely be true that delicate buds might suffer by such violent treatment either from 
stimulated activity or increased transpiration, even though hardy trees are apparently 
indifferent. Das Verhaltniss der Farbe zur Totung von Pnrsichknospen durch 
Winterfrost. Inaug. Diss. Halle. 1902. 
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Taking up these in turn, if the cells were so unprotected as to 
be capable of absorbing water in this way, they would be expected 
to lose a large part again when dry conditions returned, and thus 
quickly following frosts alone could do harm. There is also con- 
siderable doubt whether sufficient water would be absorbed by 
the cells to cause any perceptible difference in sensitiveness. Water 
at winter temperatures absorbs air very little, and especially after 
having fallen in the form of raindrops it may be considered as nearly 
saturated. The air in the leaves would probably be absorbed very 
little, if at all, although compression of the air due to capillarity 
might allow some water to enter. If the thawing tissue has its 
spaces filled with water instead of air, this will not necessarily cause 
harm. In experiments on leaves it was found that only the ivy 
leaf was unable to recover when the spaces were filled with water. 
Many leaves allow the water to evaporate and then become normal. 
Mechanical injury is not probable since the air spaces of the tissue 
would be elastic enough to overcome the compression of the expand- 
ing ice between the organs, and after the tissue froze slight pressure 
from the outside on the compressed cells would do no more harm 
than the pressure of the ice masses within ordinary tissue. 

However, the greatest objection to this theory, it seems to me, 
lies in the fact that protection against moisture might be obtained 
in a much simpler manner. The embryonic tissue might be densely 
clothed with strigose hairs, or densely glaucous, either of which 
would cause the rain drops to roll off without wetting, at the same 
time allowing gas-interchange to continue; or a coating of resin 
would effectually prevent all danger of water absorption. All 
of these devices are more simple than the elaborate system of bud- 
scales found on many trees. On the other hand, the wool produced 
on many buds would tend directly to retard the drying of the bud 
surface. 

The result of an experiment may here be given. During the 
winter of 1902, about January 24, several buds of Acer platanoides, 
deprived of their scales but still remaining on the tree, were each 
inserted in a rubber pipette-bulb previously filled with water. The 
neck of the bulb was then fastened firmly around the twig by means 
of twine. The experiment was allowed to continue about one 
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week, during which time temperatures of — 23.5 C. had alternated 
with those of 4.3 C, so that the buds were alternately frozen and 
thawed. After removal of the rubber, the tissue appeared as fresh 
and sound as ever; the twigs were then cut and placed with their 
ends in water in the greenhouse, where the treated bud remained 
fresh as long as did others whose scales were freshly removed as 
check experiments. 14 

There exists, it seems to me, insufficient evidence to sustain the 
theory that the exclusion of external moisture has played an impor- 
tant part in the evolution of scaly buds. 

Heat conduction. 

The popular belief is widespread that bud-scales serve to keep 
out the cold, and indeed such an explanation appears in some of 
our leading textbooks and in various other works. A moment's 
consideration will convince us that this cannot be true. No plant 
tissue yet known is a perfect non-conductor of heat, or, indeed, less 
than a fairly poor conductor, and scale tissue is no exception; while 
the very thin nature of the scaly covering on some buds, as those of 
Salix, would absolutely preclude their offering more than a moderate 
amount of resistance to the escape of heat. To keep out the cold 
during an entire cold spell in winter would require, even in much 
thicker tissue, an almost absolute non-conductivity, and that is 
possessed by few if any substances in nature, much less by the bud- 
scales. This erroneous impression has arisen probably through 
comparing the action of bud-scales with that of clothing upon the 
human body, forgetting the fact that in the body there is a constant 
source of heat without which clothing could not keep it warm for 
more than a few minutes. 15 

h Kny found that with the bud-scales and cortex intact average twigs will 
not take up as much water through these organs as they give out in dry air during 
a similar time. He neglected, however, to experiment with naked buds. Ueber 
die Aufnahme tropfbar-fliissigen Wassers durch winterlichentlaubte Zweige von 
Holzgewachsen. Ber. Deutsch. Bot. Gesell. 13:361. 1895. 

i s It may be suggested that such a constant source of heat does actually exist 
in a tree, at least so far as the buds are concerned, and that this is provided by the 
heat accompanying respiration. However, reference to any textbook in plant physi- 
ology will show that the amount of heat evolved in this way is but slight in the very 
best examples, which are all herbs, and is mainly evident during the period of most 
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Such substances can only retard, not prevent, the escape of heat. 
As a final argument we may return to the fact that observation 
shows that buds are always filled with ice during cold periods, which 
of course could not occur if they were kept warm. 

It is a more difficult matter to demonstrate whether the non- 
conductivity of the bud-scales is of importance to the bud in any 
other way. Recently Gruss 1 6 has quite firmly upheld the theory 
that one of their chief functions is to modify the temperatures reach- 
ing the interior of the bud. We can conceive of several ways in 
which such protective service might occur. First, poor conduc- 
tivity might prevent injury from too rapid thawing. Second, bud- 
scales might prevent extreme fall of temperature by preventing 
excessive radiation. Third, they might prevent too frequent rapid 
thawing and freezing due to fluctuating sunlight, and thus prevent 
excessive water evaporation. 

Before answering any of these questions let us try to understand 
a little more fully the actual relation of bud- scales to heat. This 
problem resolves itself into two parts, namely, a consideration of 
the conductivity simply, and a consideration of the relation to normal 
atmospheric heat changes in the open. 

On the question of conductivity the following experiments seem 
to throw some light: Two thermometers, previously tested as to 
their readings, were selected, and the bulb of one was covered with 
the imbricated scales of a fresh horsechestnut bud, as in the previous 
experiment to determine the effect of color, thus forming an arti- 
ficial bud with the thermometer bulb in place of the young shoot. 
The other bulb was left naked. The experiments were all conducted 
within the building where the conditions were more constant and 
presented fewer uncontrollable factors than outside. The room 

rapid growth. During the dormant winter period it must be very slight in all trees. 
An ordinary thermometer probably could not measure it. It may also be suggested 
that since the large size and mass of the trunk would retard heat changes, being 
warmer than the air when the temperature is falling, and cooler when the latter is 
rising, this, by conduction along the branches, would modify the temperatures in the 
shoots and buds. Squires has shown (Minn. Bot. Stud. 1:453) that the average 
temperature in a box elder tree was in January i.3°C. higher than the air, in Feb- 
ruary the same as the air, and in March i° lower. The differences between internal 
and external temperatures during the day was in all cases only a few degrees. The 
idea that the branches can conduct such slight modifications so long a distance 
without loss is so evidently unreasonable as to require no more discussion here. 

16 Gruss, J., Beitrage zur Biologie der Knospen. Jahrb.Wiss. Bot. 23 : 651. 1892. 
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selected had a temperature ranging from 3.7 C. to 4.3 C. during 
the several days on which readings were taken. The two ther- 
mometers were brought to the same reading in a warmer place, 
either in another room or over a water bath, then quickly taken 
out and the readings recorded for every few seconds until they again 
registered at the same degree in the cold atmosphere of the room. 
Two classes of readings were taken, one from a temperature only 
a few degrees above that of the cold room and the other from one 
far higher. The readings in each class, taken with the same 
bud, corresponded remarkably. A specimen reading from each 
set is here given. 

TABLE II. 

Horsechestnut bulb and naked bulb transferred abruptly from a temperature of 





19. 5 C. to one of 3. 


5°C ( 


See fig. 7.) 


Naked bulb 


Horsechestnut 
bulb 


Time 


°Dif 


erence 


Time difference 


67°F. 


6 7 °F. 


sec. 


F. 


,o°C.) 


sec. 


66 


67 


5 


1 


(5-o ) 


20 


65 


67 


10 


2 


(1.0 ) 


20 


64 


67 


18 


3 


(1-5 ) 


37 


63 


66 


2 5 


3 


d-5 ) 


45 (! min.) 


62 


65 


3^ 


3 


d-5 ) 


5° 


61 


65 


38 


4 


(2.1 ) 


72 


60 


65 


45 


5 


(2.7 ) 


60 


59 


64 


55 


5 


(2.7 ) 


75 


58 


6 3-5 


60 


5-5 


(3.o ) 


95 


57 


63 


70 


6 


(3-3 ) 


100 (if miii.) 


56 


62 


80 


6 


(3-3 ) 


105 


55 


62 


90 


7 


(3-9 ) 


I2 5 


54 


62 


100 


9 


(5-o ) 


J 45 


52 


61 


no 


9 


(5.o ) 


J 75 


5o 


59. 


130 


9 


(5.o ) 


205 


49 


58 


155 


9 


(5.o ) 


200 (3 J min.) 


47 


56 


185 


9 


(5.o ) 


255 


46 


56 


200 


10 


(5-5 ) 


285 


45 


55 


215 


10 


(5-5 ) 


340 


44 


54 


245 


10 


(5-5 ) 


375 


43 


52 


285 


9 


(5.o ) 


420 (7 min.) 


42 


5i 


325 


9 


(5.o ) 


520 


4i 


49 


355 


8 


(4-4 ) 


630 


40 


48 


395 


8 


(4-4 ) 


765 (12! min.) 


40 


47 


440 


7 


(3-9 ) 


765 


40 


46 


485 


6 


(3-3 ) 


765 


35 


45 


555 


6 


(3-3 ) 


960 


3-) 


44 


620 


5 


(2.7 ) 


960 


33 


43 


705 


4 


(2.1 ) 


1235 (20^ min.) 


33 


42 


845 


3 


d-5 ) 




33 


4^ 


1 1 60 


2 


(1.0 ) 




33 


3^ 


1515 


1 


(0.5 ) 




38 


33 


1940 





(0.0 ) 
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- horsechestnut bulb; naked bulb. Abscissas represent 



5°F.; ordinates, 100 seconds. See Table II. 



The first column of figures represents the readings in degrees 
from the thermometer with the naked bulb; the second column 
the same from the bud-covered instrument; the third column shows 
the time in seconds from the beginning of the experiment; the 
fourth column the difference in degrees at each reading; and the 
fifth column is the " time-difference, " so-called, which represents 
the number of seconds elapsing after a reading on the naked bulb 
before the same temperature was reached on the horsechestnut 
bulb, in other words, the number of seconds by which the bud- 
scales retarded the fall of temperature in the enclosed bulb. 

While not attempting to deduce the physical laws governing 
the fall of temperature in each case, we may note from the tables 
and curves several points which bear upon our problem. It will be 
seen that theoretically the time required for the temperature to fall 
in either case is infinitely long, the curve becoming nearly horizontal 
towards the end of each experiment. But for all practical pur- 
poses, and as closely as my instruments would measure, the fall 
was completed in about thirty minutes in each case. The greater 
part of it, in fact, was completed in ten minutes. As regards time, 
in Table II the very much more rapid radiation of heat more than 
balanced the effect of the greater quantity of heat to be radiated. 

As we should expect, the retarding effect of the bud-scales in 
degrees, shown in the fourth column, was much greater in case 
of the greater extremes of temperature, and was greatest when the 
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TABLE III. 

The same thermometers and bud preparation transferred abruptly from a temperature 
of 51 C. (over a water bath) to one of 2.7 C. (See fig. 8.) 



Naked bulb . 


Horsechestnut 
bulb 


Time 


Difference 


Time difference 


I2 4 °F. 


I24°F. 


sec. 


o°F.(o°C) 


sec. 


120 


123 


5 


3 ( 1-5) 


15 


116 


122 


10 


6 ( 3-3) 


15 


no 


120 


35 


10 ( 5-5) 


27 


106 


118 


20 


12 ( 6.6) 


28 


IOO 


116 


25 


16 ( 8.8) 


42 


97 


114 


30 


17 ( 9-4) 


45 (J min.) 


94 


JI 3 


35 


19 (10.5) 


5o 


9i 


in 


40 


20 (11. 1) 


55 


88 


109 


45 


21 (n. 6) 


60 


84 


106 


48 


22 (12.2) 


77.7 


82 


105 


55 


23 (12.7) 


80 


80 


103 


65 


23 (12.7) 


80 


77 


IOI 


65 


24 (13.3) 


90 (ij min.) 


74 


99 


6g 


25 (i3-9) 


in 


72 


97 


75 


25 (i3-9) 


115 


70 


96 


80 


26 (13.9) 


120 


69 


94 


85 


25 (-14-4) 


I2 5 


67 


93 


90 


26 (13.9) 


i35 


65 


9i 


95 


26 (14.4) 


M5 


63 


88 


105 


25 (i3-9) 


155 


61 


87 


115 


26 (14.4) 


160 


60 


86 


120 


26 (14.4) 


165 


5« 


83 


130 


25 (i3-9) 


180 


58 


81 


140 


23 (12.7) 


180 


54 


76 


160 


22 (12.2) 


200 (3J min.) 


52 


75 


170 


23 (12.7) 


230 


5o 


74 


180 


24 (i3-3) 


250 


49 


72 


190 


23 (12.7) 


265 


47 


69 


210 


22 (12.2) 


280 


46 


68 


220 


22 (12.2) 


33o 


45 


65 


240 


20 (n . 1) 


335 


44 


63 


260 


19 (10.5) 


240 


42 


61 


2 75 


19 (10.5) 


435 (7j™in.) 


4i 


59 


3°5 


18 (10. 0) 


465 


41 


57 


320 


16 ( 8.8) 


465 


4i 


56 


335 


15 ( 8.3) 


465 


40 


55 


355 


15 ( ^>-3) 


545 (9 min.) 


4o 


53 


380 


J 3 ( 7.2) 


545 


39 


5i 


420 


12 ( 6.6) 


580 


39 


49 


455 


!° ( 5-5) 


580 


38 


47 


490 


9 ( 5.0) 


990 (16J min.) 


38 


46 


55o 


8 ( 4.4) 


990 


37 


44 


600 


7 ( 3-9) 


1300 (21 J min.) 


37 


43 


660 


6 ( 3-3) 




37 


42 


710 


5 ( 2.7) 




37 


41 


770 


4 ( 2.1) 




37 


40 


900 


3 ( i-5) 




37 


39 


1000 


2 ( 1 .0) 




37 


38 


1480 


1 ( -5) 




37 


37 


1900 


( .0) 
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fall was most rapid. Of much more importance to our 
problem is the retarding effect in point of time, shown 
in the fifth column. This increased verv rapidly towards 
the close of the readings, but was for our purpose 


\ 




1 




! 




practically the same in both cases. It was greater in 






proportion to the slowness of heat penetration, and was 


i 




also somewhat greater at first in Table I than in Table 
II. The greatest retardation capable of measurement 
with the thermometers used was about twenty minutes, 
while for most of the experiment it was only from one 


i 
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to nine minutes. It was found that decreasing the 






thickness of the scaly covering decreased this time 
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Fig. 8. horsechestnut bulb; naked bulb. Abscissas represent 

5° F.; ordinates, ioo seconds. See Table III. 



the shoot, its specific heat being only one-thirtieth that of water 
would render the two not very dissimilar, so far as the present 
problem is concerned. In apparent volume they do not differ 
greatly, so that the radiation surfaces of the two would be nearly 
the same. 

I believe we are justified in saying that a normal horsechestnut 
bud would not behave in any essential way differently from the 
artificial one here used; and that the time for it to cool off would 
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be for all practical purposes not over about thirty minutes, no mat- 
ter whether it was cooled very much or only a little, providing it 
was plunged directly into the cooler temperature. 

We may also say, I believe, that smaller buds with thinner scales 
and smaller shoots will show a time period correspondingly less 
than thirty minutes, and a time difference which will approach 
more nearly zero. In the case of the willow buds with only one 
thin bud-scale, the time period and time difference must be very 
small indeed. 

A number of readings were taken in which the thermometers 
were warmed up instead of cooled, and it was found, as expected, 
that the above generalizations applied in this case also. Providing 
that atmospheric changes out of doors are abrupt, I fail to see how 
the temperature at the center of a bud of medium size can be retarded 
more than five or ten minutes over practically all of the range of 
fall. A small bud would probably be retarded only about one to 
five minutes. Of course the retarding would be greater than this 
through the last degree and fraction of a degree, but this slight 
change, it seems to me, would be of little moment to the present 
question. 

Buds in nature, however, are under slightly different conditions. 
Instead of being transported from one temperature to another, 
the temperature itself changes. We should therefore conduct 
some experiments in which the air itself is varied. This change 
is cither very gradual, as when a thaw approaches, or more abrupt, 
as when the sun shines from behind a cloud upon the bulb, which 
is the only way in which abrupt changes are produced in nature. 
In either case they are much less violent than were our laboratory 
experiments. During warming by the sun, radiation from surrounding 
objects may play an important part and introduce still another 
factor. We should therefore conduct some experiments in which 
the air itself is warmed. The experiments with the horsechestnut 
bud already described in the discussion of the function of color 
are to the point here. They show in a surprising way that instead 
of retarding the rise in temperature within the bud, under these 
very natural conditions the bud-scales actually seem to hasten it. 

These experiments were with direct sunlight. It seemed possible 
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that the readings might be different if radiated instead of direct 
heat was employed, especially since there is a considerable difference 
in the nature of such heat, as shown by the well-known fact that 
direct heat from the sun passes easily through glass into the green- 
house, but when radiated passes out with much greater difficulty, 
thereby warming the house. 

A number of readings taken with naked and horsechestnut 
bulbs transferred from the shade to the surface of a black book in 
direct sunlight with the bulb raised 3~4 mm , or with the bulbs pro- 
jecting several inches over the edge of the book which itself was 
raised several feet from the ground, or with the bulbs raised 7 . 5-10°™ 
above the surface of the book, showed no appreciable difference 
that could be referred to a difference in kind of radiated heat. There 
was some difference in the readings, of course, but this could be 
traced directly to the fact that there was more intense heat where 
the heat of radiation was also present. In case of more intense 
heat the extra absorbing power of the bud-scales was at first more 
obscured by the slightly greater retardation of heat-penetration due 
to the greater difference in outside and inside temperatures, as we 
should expect from the deductions from Tables III and IV. This 
was partially shown by the difference in locality of the crossing 
of the two curves plotted from each reading. 

Looking at the matter from still another standpoint, we may 
consider how much time is required for a bud to thaw. As shown 
by the cover glass measurer, the wrinkled willow twigs thawed and 
became perfectly normal in thirty minutes at the temperature of 
the laboratory. Undoubtedly the ice had disappeared in about 
half the time. Large buds of horsechestnut will lose all their ice 
in about twenty-five minutes under similar conditions, and buds 
of Negundo in about fifteen minutes. The small buds of the black 
cherry require only about ten minutes for thawing. The time 
required in the laboratory for the various buds, therefore, is ten 
to thirty minutes. The question is whether when the temperature 
changes are slow the buds thaw proportionately more slowly. The 
answer must be that they will, slightly, just as a cake of ice will 
thaw more slowly when the temperature rises gradually than when 
the rise is abrupt. This difference is proportional to the size of the 
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ice cake, since it depends largely upon the non-conductivity of the 
ice and the greater quantity of heat required to convert ice into 
water. This heat is more slowly available when the change is 
gradual. Although no experiments were made under these condi- 
tions, it is to be expected, I think, that with long slow rise in atmos- 
pheric temperature, the retarding effect would almost if not quite 
disappear. Frozen peach buds, placed in the air at — 5.5 C, which 
gradually rose in 2 to 2.5 hours to a temperature of— i.o° C, were 
completely thawed, apparently as soon at the temperature reached 
about — 2. 3 C, thus following the general rule for frozen tissue. 

We are now in position to consider the questions outlined on a 
previous page regarding the various ways in which the bud-scales 
may be supposed to act beneficially by modifying the temperature. 

It was first suggested that they might retard the thawing out 
and thereby be of benefit to the bud. From the tables already 
given and the observations regarding them, it becomes at once 
apparent that the temperature modification which scales are capable 
of producing are, in the cases of moderate sized buds, of very little 
moment — not more than two or three minutes during most of the 
time, and then only when the change from one temperature to 
another is abrupt. When the transition is gradual, the retarding 
effect will be very slight indeed, and is frequently wholly offset by 
the absorbing power of the darker color. I cannot see how under 
any atmospheric condition the modifications can become great 
enough to be noticeable unless careful measurements • are taken. 
The idea that a slow thawing is beneficial to plants has come about 
from analogy with the frosting of human tissue and from the con- 
sideration of the treatment which gardeners successfully give frosted 
plants. But the gardener's treatment consists in. keeping the 
plant cool and dark for hours or even days after the freezing; while 
recent investigators have shown that slow or rapid thawing (i. e. 
conversion of the ice into water) in themselves bear no relation 
whatever to the extent of the injury. The gardener's treatment 
is essentially an after-treatment — while the plants are recovering 
from the shock. I have already cited the fact that buds of many 
trees, at least, may be thawed in an oven and then frozen alter- 
nately many times and still come out in the greenhouse apparently 
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as fresh as others not so treated. 17 The answer to this first question 
then, is, that bud-scales do not function by preventing rapid thawing 
of winter buds; neither does bark so function towards the twigs. 

It has been suggested that bud-scales protect the bud by pre- 
venting rapid radiation from the delicate tissue during the cold 
nights, and thereby preventing a harmfully low fall of temperature. 
Muller-Thurgau, 18 by placing one thermometer on some cotton 
under a o.5 sqm cloth screen fastened i dm above the ground, and 
another thermometer outside, was able on a clear night to get 4 C. 
difference due to radiation. Gruss 19 states that differences in 
temperature due to radiation may be one or two degrees on cool 
nights just before sunrise, and as great a difference as 6° C. has been 
observed by other investigators. A difference of 4-6 C. would 
frequently be of importance to tender exotic buds in winter, but 
it is scarcely to be supposed that so slight a difference would be 
of much moment to the great majority of perfectly hardy species 
which withstand all of the fluctuations of our vigorous American 
climate without injury. Indeed these species seem capable of 
existing below any atmospheric temperature that has yet occurred 
in this country, as freezing mixture experiments have shown. Besides, 
the structure of buds does not lead one to expect a radiation screen 
as efficient as those specially constructed. Strictly speaking, the ques- 
tion here is not one of radiation of heat, since the scales are all more 
or less in contact, but of conduction, and as such has already been 
treated. 

Henslow 20 has shown that it seems desirable for plants in tem- 
perate regions to protect their delicate bud-structures from loss 
of water when the bud is opening. Such loss he says is favored by 
radiation and heat absorption. The above objection will apply here 
also for the first part of this last statement, and the latter part is 
treated elsewhere in this paper. 

J 7 Molisch, H., Untersuchungen iiber das Erfrieren der Pilanzen. Jena. 1897 

i 8 Muller-Thurgau, H., Uebsr das Gefrieren und Erfrieren der Pilanzen. 
Landw. Jahrb. 15:563. 1886. 

J9 Gruss, Beitrage zur Biologie der Knospe. Pringsh. Jahrb. 23:651. 1891-92. 

20 Henslow, G., On vernation and the method of development of foliage as 
protective against radiation. Jour. Linn. Soc. Bot. 21:624. 1886. 
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In December 1901 some experiments were conducted to show 
whether twigs and buds while continuing frozen lost as much water 
by evaporation as when alternately thawed and frozen several times 
during the same period. It was found that they did not quite, 
and hence the question whether bud-scales may function by pre- 
venting too frequent thawing and freezing. Several buds of Finns 
Laricio and horsechestnut, also several twigs i5 cm long of Syringa 
vulgaris and apple, were sealed at the cut end with Venice turpen- 
tine, weighed, and quickly placed on a tray in the open air. They 
were divided into two equal lots, and one of these was brought 
into the warmer laboratory for a few moments ten times, thus insur- 
ing ten alternate thawings and freezings. During the experiment, 
which lasted three days, the temperature ranged from— i8°C. to 
— 7 C. in the open. The results were as follows: 

Horsechestnut buds continued frozen lost 0.4$ of their water. 

" " alternately thawed and frozen lost 0.6% of their water. 

Pinus Laricio buds continued frozen lost 3.4$ of their water. 

" " " alternately thawed and frozen lost 5.0$ of their water. 

Syringa twigs continued frozen lost 1 . 3$ of their water. 

" " alternately thawed and frozen lost 2.4$ of their water. 

Apple twigs continued frozen lost 1 . 6% of their water. 

" " alternately thawed and frozen lost 2.4$ of their water. 

In every case there was a greater loss of water from the buds 
which were alternately thawed and frozen. The difference was 
very marked, and in each case amounted to about one-third of the 
total loss. Considering the total quantity of water present, this 
was really a very slight increase in loss, however, being 0.25% in 
horsechestnut, 1.1% in lilac twigs, 0.8% in apple twigs, and 1.2% 
in pine buds; and with me it is a serious question whether, in all 
of these cases, so slight a difference would not be quickly equal- 
ized during spells of thawing by conduction from the older wood, 
if the twigs and buds were connected with the trunk in the normal 
manner. Again, the thawings in nature would probably be fewer, 
and it has not been shown that bud-scales prevent such thawings. 
It seems to me that here again a beneficial functioning of the bud- 
scales is very doubtful. 

But the most vital argument against all these cases lies in the 
fact that experiments have shown that dark buds tend actually to 
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increase the heat absorption. Therefore, these considerations could 
scarcely have been instrumental in bringing about the existence of 
such structures. 

The idea that bud-scales may protect the bud by warding off 
the hot rays of the sun applies mainly to the tropics. It seems 
to have been first advanced by Treub, 21 who cites several cases, 
where in plants exposed to the hot tropical sun delicate young 
tissues were inclosed in enlarged stipular organs or else well-shaded 
by overlapping leaves or by other special structural provisions. 

On the same subject, in 1891 another paper was published by 
Potter. 22 According to this investigator many trees in the tropics 
protect their young leaves and shoots from direct sunlight by means 
of stipules. These organs were removed from a number of buds 
and in every case the leaves from these when mature were deformed 
and abnormal. The sunlight seemed to produce injury by causing 
more water to be evaporated than could be replaced. For this 
reason Artocarpus, the most pronounced type of this class, unlike 
most trees, produced leaves throughout the dry season, probably 
because of the stipular protection. Instead of by stipules some 
tropical plants obtain similar protection by various methods of 
leaf-folding, shading by older leaves, and coating with gum. Is 
there not inaccuracy here in his interpretation ? Rather than by 
actually preventing the entrance of heat from the sun, which it seems 
such structures could do only to a slight extent, is it not more proba- 
ble that they function simply by preventing the escape of extra 
moisture vaporized by the intense heat ? 

The relation of bud-scales to the young shoot when the bud is 
opening is discussed under internal moisture relations. Suffice it to 
say that the results reached seem to indicate that even in this case 
the scales do not function beneficially by modifying the heat. 

It has sometimes been thought that the layers of hair and wool 
found in many buds, as for example in the horsechestnut, are for 
the purpose of modifying the heat conditions inside. To obtain 

21 Treub, M., lets over knopbedekking in de tropen. Hand. van. hct ecrstc 
Nederlandsch Natuur- en Geneeskundig Congres. Amsterdam. 1887, p. 130. Ref. 
Bot. Centralb. 35:328. 1888. 

22 p 0TTER) m. C, Observations on the protection of buds in the tropics. Jour. 
Linn. Soc. Bot. 28:343. 1891. 
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evidence upon this point I performed the following experiment. 
The two thermometers used in the previous experiments were 
selected, and the bulb of one was coated with black cloth; that of 
the other was wrapped in a layer of cotton about twice the thickness 
of the wool in the horsechestnut bud, and was then coated with 
black cloth. The surface of both bulbs was therefore black. 



TABLE IV. 
Bulb covered with black cloth, and bulb covered with cotton and black cloth; trans- 
ferred from a temperature of 5 6° C. to a room of o° C. 



Cloth bulb 


Cotton bulb 


Time 


Difference 


Time difference 




134° F. 


134° F. 


sec. 


o°F.(o°C.) 


sec. 




130 


J 3i 


5 


1 (0.5) 


7 




128 


T 3? 


10 


3 (1 


5) 


10 




125 


128 


15 


3 (1 


5) 


15 




123 


128 


20 


5 (2 


7) 


15 




222 


127 


25 


5 (2 


7) 


i5 




119 


!25 


3° 


6 (3 


3) 


20 




117 


I23 


35 


6 (3 


3) 


20 




114 


121 


45 


7 (3 


9) 


20 




in 


119 


5° 


8 (4 


4) 


25 




109 


117 


55 


8 (4 


4) 


26 




106 


115 


60 


9 (5 


0) 


30 




104 


112 


70 


8 (4 


4) 


3° 




100 


no 


80 


10 (5 


5) 


37 




98 


I07 


85 


9 (5 


0) 


40 




96 


I05 


95 


9 (5 


0) 


40 




93 


IO3 


105 


10 (5 


5) 


40 




9r 


IOI 


113 


10 (5 


5) 


42 




89 


99 


120 


10 (5 


5) 


45 




87 


97 


130 


10 (5 


5) 


45 




86 


96 


135 


10 (5 


5) 


43 




84 


93 


i45 


9 (5 


0) 


5° 




82 


9 1 


155 


9 (5 


0) 


55 




80 


89 


165 


9 (5 


0) 


55 




78 


88 


J 73 


10 (5 


5) 


62 




77 


86 


178 


9 (5 


0) 


72 




76 


85 


185 


9 (5 


0) 


75 




74 


84 


i95 


10 (5 


5) 


75 




73 


83 


205 


10 (5 


5) 


80 




72 


82 


210 


10 (5 


5) 


85 




7i 


81 


215 


10 (5 


5) 


95 




70 


79 


225 


9 (5 


0) • 


95 




69 


78 


235 


9 (5 


0) 


100 




68 


77 


250 


9 (5 


0) 


105 




67 


76 


260 


9 (5 


0) 


no 




66 


74 


270 


8 (4 


4) 


no 




65 


73 


285 


8 (4 


4) 


120 




64 


72 


2 95 


8 (4 


4) 


130 




63 


7i 


310 


8 (4 


4) 


135 




63 


70 


320 


7 (3 


9) 


135 




62 


6 9 


335 


7 (3 


9) 


140 
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Cloth bulb 


Cotton bulb 


Time 


Difference 


Time difference 


6i°F. 


68°F. 


355 sec. 


7°F.(3-9C°) 


155 sec. 


61 


68 


37o 


6 (3-3) 


*55 


61 


66 


380 


5 (2.7) 


155 


60 


65 


405 


5 (2.7) 


H5 


59 


64 


425 


5 (2.7) 


160 


58 


63 


445 


5 (2.7) 


185 


57 


65.5 


475 


5-5 (2.7) 


210 


56 


61 


5 IQ 


5 (2.7) 


270 


56 


60 


55° 


4 (2.1) 


310 


55 


59 


585 


4 (2.1) 


545 


54 


58 


630 


4 (2.1) 


545 


54 


57 


685 


3 (1.5) 


545 


53 


57 


745 


4 (2.1) 


1083 


53 


56 


780 


3 (1. 5) 


1083 


53 


55 


895 


2 (1.0) 


1083 


5 2 


55 


1015 


3 d-5) 


1300 


52 


54 


ii75 


2 (1.0) 


1300 


5i 


52-5 


2155 


1. 5 ( -8) 


480 


49 


5i 


2635 


2 (1.0) 


1440 


49 


50 


3355 


1 ( .5) 




48 


49 


4075 


1 ( .5) 





As expected, the retarding effect was apparent in this rather 
violent experiment, but it was not great. The maximum degree 
difference of io° was less than one-half that produced by the bud- 
scales in Table III, while the time difference through the greater 
part of the experiment ranged from o to 4 minutes. I think it may 
be inferred that the wool in the horsechestnut bud retards the pene- 
tration of heat, when the changes are at all great, by 0.5-3 minutes. 
At any rate it seems evident to me that the retarding power of the 
wool in such buds as horsechestnut is insufficient to explain the 
presence of such a structure. This appears not only from experi- 
ment but from a general consideration of the thinness of such struc- 
tures compared with the relatively great temperature differences 
which they are supposed to offer protection against, and must in 
order to be effective. Their true function, it seems to me, lies in 
an entirely different direction, as we shall see somewhat later. 

In concluding this study of the relation of bud-scales to temper- 
ature the following summary may be made: 

Bud-scales or bark cannot "keep out cold" during the cold 
spells of winter. 

They seem not to modify the temperature sufficiently to be of 
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beneficial importance in preventing rapid changes, even if such 
changes are detrimental. 

Rapid thawing in itself is probably not detrimental to buds and 
bark. 

Bud-scales seem of no benefit in keeping out the heat from sudden 
bursts of sunshine. They do not appreciably prevent the loss of 
water by preventing alternate thawing and freezing. They do not 
retard radiation to any important degree. 

Dark-colored bud-scales indeed, instead of preventing tempera- 
ture changes actually seem to absorb more heat than if they were 
lighter colored. 

"Wool" in buds does not function by modifying temperature 
changes. 

Bud-scales do not seem to function in modifying temperature 
changes when the bud is opening. 

Bud-scales may protect the delicate tissues in the tropics from 
heat, but it would seem rather from excessive transpiration due 
to great heat than from the heat itself. 

Finally, we may conclude that as a factor in the evolution of 
buds and bark in cold climates temperature considerations have 
probably played a very minor part. 

Internal moisture. 

Of all the more important factors concerning the function of 
bud-scales, perhaps that relating to their inhibiting effect upon the 
loss of internal moisture is the least recognized by people in general. 
In scientific literature, however, it has received considerable atten- 
tion. Most authors now consider this one of the principal functions 
of the bud-scales and also of the bark. The subject has been dis- 
cussed briefly by Cadura 23 and Groom, 24 but also more fully by 
Gruss, 25 who performed a number of experiments to demonstrate 
the point. His results may be summarized as follows. The first 
function of the scales consists in protecting the inner meristematic 

2 3 Cadura, R., Physiologische Anatomie der Knospendecken dicotylcr Laub- 
baume. Breslau. pp. 42. 1887. 

2 4 Groom, P., Bud protection in dicotyledons. Trans. Linn. Soc. II. 3:255. 
1893. 

25 Gruss, J., Beitrage zur Biologie der Knospen. Jahrb. Wiss. Bot. 23:649. 1892. 
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tissue from loss of water. Even in summer and especially in fall, 
when the sap flow decreases, the tender embryonic interior of the 
bud must be protected from too great transpiration. Also in winter 
this function is not interrupted, for then the cold wind can bring 
into play its desiccating action. To prevent loss of water, cork 
layers are formed, or in place of these felty hairs may be produced. 
A third method consists in the excretion of resin. If, under con- 
stant temperature, the scales were removed from an oak bud, it 
soon died, even though there was a moderate amount of moisture 
present. The inner bud-scales dried out and perished, as well 
as the embryonic tissues. The young leaves of a beech bud so 
deprived of scales persisted much longer than did those of the 
European oak; which he thinks was because the former were hairy 
while the latter were not. Buds of horsechestnut proceeded to 
develop in spite of the removal of the scales, probably, he thinks, 
because of the thick wool among the young parts. Buds of Abies 
pinsapo, whose pitch had been removed by carbon bisulfid, dried 
out in a very short time. These experiments were all performed 
on twigs cut from the trees and placed in water. 

In 1895 Kny 26 published a paper dealing with the transpira- 
tion and absorption of water by buds and twigs in winter. He 
cites Wiesner and Pacher as having shown that horsechestnut 
loses water from twigs in winter, and also Hartig as having shown 
that many trees do the same. Experiments are given to show that 
in general not so much water is absorbed by these parts in saturated 
atmosphere as may be given off at an ordinary degree of saturation. 

In 1895 some determinations of the amount of water lost by 
twigs with buds attached were made by the Cornell Experiment 
Station. 27 The experiments lasted three days, beginning April 7. 
The twigs were sealed at the cut end and kept in an open shed. 
The percentage of loss ranged from 2 to 10%, with an average of 

5.4%. 

In 1875 Wiesner and Pacher 28 found that twigs of horsechest- 

26 Kny, L., Ueber die Aufnahme tropfbarfltissigen Wassers durch winterlich- 
entlaubte Zweige von Holzgewachsen. Ber. Deutsch. Bot. Gesell. 13:361. 1895. 

27 Bailey, L. H., Cornell University Experiment Station Rep. 1896:4. 

28 Wiesner u. Pacher, Ueber die Transpiration entlaubter Zweige und des 
Stammes der Rosskastanie. Oesterr. Bot. Zeitschr. No. 5. p. 9. 1875. 
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nut transpired an appreciable amount in winter at a temperature 
of 1 3-1 7 C. and a slight amount also at — io° C. This was true 
in older twigs. The leaf scars transpired more than the periderm. 
The winter buds also lost some water. 

That there is actual loss of water in winter probably every one 
knows. My experiments given below show this very definitely, 
but perhaps few understand that there can be a loss when the tissue 
is frozen as well as when thawed, though less in extent. Water 
may evaporate to a large extent from ice crystals themselves, as 
is shown by the drying of frozen soil, damp clothing, and the frequent 
disappearance of small quantities of snow at temperature below 
the freezing point. In buds not all of the water becomes ice, and 
the remainder is free to evaporate as at a higher temperature. 

The fall of temperature on the approach of winter is always 
accompanied by a decrease in the power of root absorption, and 
it has been shown that to a certain extent absorption is propor- 
tional to the temperature. In the case of our native plants, the 
decrease must be very considerable when the zero air temperatures 
have chilled the soil to a depth of many feet. A compensating 
decrease in transpiration must occur or otherwise the cells will 
suffer from too small water content. This is mainly accomplished 
by the fall of the leaves, but is greatly aided also by the coverings 
of the bud and the waterproof bark. But so far bud-scales would 
not be a necessity, because very little root absorption would probably 
be sufficient to supply the slight amount of water that could evapo- 
rate from unprotected buds, compared with that necessary to supply 
the leaves. Besides, it has been found that considerable water is 
present in the wood at all times, and in some trees even a larger 
amount than in the summer. The necessary factor, I suspect, 
lies in the decreased osmotic activity and vigor of the young tissue 
itself. During the summer the tendency to transpire is probably, 
a large share of the time, not so great as in the winter and spring 
because of the greater saturation of the air; but there are times 
during the summer when the transpiration is very great indeed. 
The young tissues do not then dry up very readily, so that little 
harm usually results. At this time I imagine the growing cells 
are osmotically very active and more easily draw to themselves 
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a supply of water sufficient to offset that lost in transpiration. In 
winter, however, the cells are inactive, and on account of the cold 
the osmotic force is much decreased, so that the cells find it impos- 
sible to resupply quickly the transpiration water when this function 
is very great. 

That loss of water beyond a certain point is detrimental to the 
cell needs no further demonstration. It has been shown that each 
cell demands a certain percentage of water, depending mainly upon 
its activity and water content, in order to maintain its life-prop- 
erties. If transpiration even for a short time reduces the water 
in the cells of the bud below the critical percentage, the cells will 
cease to remain alive. 

During January 1901, I cut some twigs of horsechestnut, stripped 
off the bud-scales from some of the buds, and exposed the whole 
to an outside temperature of — 18 C. to — 12. 3 C. for 24 hours, 
after which the twigs were placed with their cut ends in water in 
the greenhouse for further development. The buds all lived, although 
those without bud-scales were the first to commence growth. Sub- 
sequent experiments show that the reason why none died was because 
the exposure to the dry air was not long enough. On March 1 
of the same year, buds of the black cherry, Crataegus punctata, 
horsechestnut, lilac, apple, and Pinus Laricio while still on the tree 
were deprived of their scales and each divided into two lots. One 
lot was left naked, the other was varnished completely with Venice 
turpentine to prevent loss of water. When the normal buds were 
opening May 8-10 it was found that both varnished and naked 
buds were all dead except on Pinus Laricio. On this plant the 
naked buds were all dead, but the varnished ones were alive, and 
later all developed into normal shoots. 

The varnished buds in all cases seemed to be all sound and turgid 
until warm weather and time for swelling came, when they seemed 
to decay rapidly, and in no case except the pine did any swelling 
occur. I suspect that death here was due to the retardation of res- 
piration owing to the lack of oxygen. The pine is normally closely 
surrounded by resin without a space inside as in horsechestnut, 
and possibly some other way is here provided for obtaining oxy- 
gen. The pine, therefore, is the only one of the series in which 
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the results of varnishing are important to us here. The naked 
buds of pine in every case began to dry and shrivel up after only a 
few days ' exposure, and were quite dead long before the time for them 
to open. There seems no doubt whatever that the varnish preserved 
the pine buds by preventing loss of water. Without the varnish 
the pine was one of the first to succumb. That this thin layer of 
varnish replaced effectively the thick layer of scales is also good evi- 
dence toward the idea that the scales do not function by causing 
temperature modifications. 

To determine just how much more water is lost from buds without 
scales the following experiment was performed. Several buds 
of Finns Laricio and horsechestnut were separated from the trees 
by an incision at the base of the bud and the scales were removed 
from all. One-half were quickly varnished, weighed, and placed 
in the open air at — 18 C, while the other half without varnish were 
weighed and exposed at once. Care was taken to seal up the cut end 
in both sets so that no water could escape that would not if the 
buds had remained on the trees. After three days at a temper- 
ature of — 1 8° C. to — 7 C. the results were as follows: 



Orig. weight 



Final weight 



Dry weight 
in oven 



Per cent. H a O 
lost in exp. 



Pimis Laricio — continued frozen : 

With bud-scales 

Without bud-scales 

A escidus hippocastanum — cont. frozen : 

With bud-scales 

Without bud-scales 

Same alternately thawed and frozen 10 
times during experiment by bring- 
ing into the laboratory: 

With bud-scales 

Without bud-scales 

Syringa vulgaris — continued frozen : 

With bud-scales 

Without bud-scales 



2. 65 s m 
1.28 

4-03 
2.21 



5-3o 



0.41 



2.6152™ 
0.96 

4.02 
1.94 



5.28 
1.66 



1 -135 
0.32 



i.35 gm 
0.58 

1.80 
1.04 



2.26 
°-93 

0.52 
0.18 



2.7 
45-o 

0.4 
33-° 



0.65 
32.0 

2.8 
39-° 



I think that nothing could show better than these experiments 
the very great difference in amount of water transpired by buds 
protected by scales and those having none. No wonder that the 
loss of water oversteps the critical point and causes the destruc- 
tion of the tissues. 
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The buds in the above experiment were separated from the 
tree upon which they grew, and therefore could not receive water 
from it to replace that transpired. It would be interesting to know 
how much water moves into the bud to replace the quantity lost, 
thus giving a better idea of the actual decrease in percentage within 
the cells. This has not been done for twigs at temperatures above 
freezing, but the following ligures are available for the frozen buds 
of pine. I selected six vigorous buds of Pinus Laricio, all on the 
west side of the tree, deprived them of their bud-scales and allowed 
them to remain exposed three days. The temperature during 
this time ranged from — 18° C. to — 6.7 C, so that the twigs as well 
as the buds were constantly frozen. Three of the buds were cut 
off, the cut surface sealed, and placed in a tray at the base of the 
tree, while the other three remained attached. The results were 
as follows: 





Wt. at end 
of exp. 


Dry weight 


Difference ^ er cen ^ H2O present at end 
j of exp. 


Cut buds- 
No. 1 

" 2 

" -2 


O. 1058™ 
0.150 
0. 230 

o- 2 55 
0. 240 


o.o6ig m 
O . 090 
O. [34 

O.139 
O. 121 
O. IIO 


0.044 
O.060 
0.096 

O. 116 
. 1 10 


41. 9l 

40.0 [-41 . 2 average 

41.8J 

45-51 

zinc >a 7 . C a vera e^e 


Not cut — 

No. 1 

" 2 


" -2 


. 100 1 /I 7 6 1 











It seems, therefore, that there was a rise of about 5% of water 
into the bud while the tissues were frozen. This is quite possible, 
since only a portion of the water was converted into ice, the remainder 
remaining fluid in the walls and protoplasm and still capable of 
movement. The figures given above for the loss of water from 
desquamated buds are therefore slightly too large in every case. 
It may be noticed by computing corresponding figures that the loss 
of water during this last experiment is slightly less than in the two 
previous experiments in which desquamated buds of Pinus Laricio 
were used. This was due to the fact that the last experiment was 
conducted in a different place, on the other side of the building. 
I have found that exposure makes a very considerable difference 
in the loss of water, and readings which arc to be compared must 
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be taken in the same place under the same weather conditions. 
The rise of 5 per cent, is only a small part of the whole water lost. 
How much will rise into the bud when the tissues remain thawed 
was not determined. 

The question arises whether the damage to the bud is done 
while the latter is frozen or thawed. I believe that injury is done 
both while thawed and while frozen, for the reason that the loss 
of water from unprotected buds is sufficiently great to cause death 
at either time. However, probably more damage is done above 
freezing point, because here the loss must increase with the tem- 
perature much faster than docs the conduction of water in the bud. 

The evidence therefore seems to be sufficient to warrant the 
conclusion that the loss of water during the winter is a danger against 
which the bud-scales and bark serve as protective organs. Next 
to the warding off of mechanical injury this is probably their most 
important function. 

Protection oj the young shoot. 

In many trees, notably in maples, horscchestnuts, oaks, etc., 
the growth of the young shoot is accompanied by a growth in length 
of the bud-scales, especially of the inner ones, so that a sort of 
telescopic tube is formed in which the young shoot remains concealed, 
frequently until a growth of 2 — 8 cm has taken place. The function 
performed by the bud-scales at this time has long been a subject of 
interest to investigators, among whom Gruss 29 has given us the most 
comprehensive account. 

According to Gruss, the protection lies in the ability of the 
scales to prevent the penetration of extreme cold on freezing, or 
great heat when thawing out. The greatest danger to buds from 
cold, he says, is in the spring after activity has commenced, when 
a few degrees of frost will often kill the tissue. It is on just such 
occasions that the frost is likely to be of short duration, and to occur 
for a few hours only, just before sunrise. It is quite conceivable 
that the non-conductivity of the scales would be sufficiently great 
to prevent an extreme fall of temperature within the bud during that 
short time. Again, if the cold was severe enough actually to freeze 

2 9 Gruss, J., Beitrage zur Biologie der Knospsn. Jahrb. Wiss. Bot. 23: 649. 
1892. See also Hexslow, /. c. 
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the tissues, then when the sunlight fell upon the buds in the morn- 
ing the scales would prevent injury from too rapid thawing. To 
support this view he found that shoots of Picea Engelmanni deprived 
of scale-caps perished, while normal ones did not. Shoots of Betula 
alba projecting slightly beyond the sheath were overtaken by a 
slight frost. The portion beyond the sheath was killed while the 
protected portion was uninjured. At a temperature of — 3 R. the 
portion of the shoot outside of the sheath in Larix and Pinus Cembra 
was completely killed. A horsechestnut tree at — 5 R. had the 
portion of shoot projecting beyond the scales killed, the rest was 
uninjured. At — 5 R. shoots of this species were killed, while at 
— 4 R. they were all right. Buds of Acer platanoides still in the 
scales were killed at — 4 R. Populus cannot stand a cold of — 5 R. 
after breaking out of the buds. Shoots of birch not inclosed were 
killed at — 5 R., but not at — 4 R; those still in the bud-scales 
were uninjured at — 5 R. 

I am unable to agree with Gruss that these cases of protection 
are due mainly to the modification of the temperature. During 
the spring of 1902 I removed the scales from a large number of oak 
buds, also from birch and from maple. This was done about the 
time that the buds were swelling rapidly; but no frosts occurred 
afterward until the leaves were quite far developed. Many of 
the oak buds so treated died, and the rest were retarded or deformed 
in various degrees. The appearance in all cases was that of drying 
out — as though the tissue had simply shriveled up from lack of water. 
The birch and maple showed the same effect though in a less degree. 
Any one seeing these experiments could scarcely believe otherwise 
than that the loss of water caused the injury. When the shoot is 
young the epidermal cells are but slightly cutinized, and are there- 
fore much more pervious to water vapor than after having become 
more mature. At this period also the cells have probably not yet 
reached their full osmotic activity, and are still unable to replace 
rapidly the lost water. It is not surprising, therefore, that shoots 
should be injured at this period. Even in tropical regions, young 
tissue is protected against transpiration by being folded within the 
leaves, or in other ways. Groom 30 has brought this point out nicely 

3° Groom, P., Bud protection in dicotyledons. Trans. Linn. Soc. II. 3:255. 1893. 
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for temperate regions. He points out that old parts often cover the 
new. The blade of the young leaf is often covered by stipules. The 
most critical time is when first exposed, the walls then being thin 
and feebly cutinized, the chlorophyll dilute and easily decomposed. 
The blades after coming out are folded and covered with hair in such 
a way as to diminish transpiration and radiation as well as to reflect 
light. According to Groom the function of mucilage and tannin in 
buds is to help hold the water in the young shoots. 

In this light I think we can see the function of the air and wool 
which gave the negative results in the temperature experiments. 
Water vapor diffuses through air quite slowly unless the air itself 
is in motion. If a layer of substance containing air passages such 
as wool, through which there is almost no circulation, is placed 
around a damp object, the evaporation from the object is very much 
retarded because the air in contact with the water is almost satu- 
rated under certain conditions. 

The horsechestnut wool, therefore, although not functioning 
in the bud would become a most efficient protection against loss 
of water from young shoots after leaving the bud-scales. I think 
this is the purpose of nearly all hairy coverings of young flowers 
and branches, which view is strengthened by the fact that in most 
cases the hair disappears before maturity. The putting up of the 
hair already in the bud insures its presence at the very earliest 
moment when it shall be required. These and other similar obser- 
vations have quite firmly convinced me that the growing out of 
bud-scales and the presence of hair on the young organs is mainly 
for the purpose of retarding transpiration. In some cases they may 
be important also for mechanical support. 

The observations of Gruss in regard to death at temperatures 
slightly below the freezing point I think can be explained in this 
way. When tissues freeze the water enters the intercellular spaces 
and can from there escape more easily to the outer air. If, however, 
hair or scales were present, not so much water would escape while 
the tissue was frozen, and a lower temperature might be necessary 
to cause fatal loss of water. In the case where— 5 R. caused death 
while — 4 R. did not, it is possible that freezing just began at that 
point which is near the over-cooling point of such tissue. It may 
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be, however, that there are times when the temperature barely 
falls to the death point, and then only for a very short time just 
before sunrise, when the bud-scales may save the life of the bud 
by preventing a temperature fall of from 0.5 to i° for a very short 
time, and this little we must admit they are capable of doing. But 
we must consider that the period when the young shoot is covered 
by the extending scales, in America at least, lasts only about three 
or four days at the most, while the probability of a fall just to the 
critical temperature during this short period is indeed very slight. 
There may be no frost at all or there may be a very severe one. 
Only in the case of such a slight frost just reaching the critical tem- 
perature could the scales be of benefit, and even this injury would 
not be fatal to the tree, since another crop of accessory buds can 
grow out in a short time. The chance to function is therefore very 
slight, and the effect could not compare in importance to the plant 
with the benefits obtained according to the above theory, because 
in the absence of scales nearly all buds of whatever crop would 
run great danger of being killed by loss of water. It is not reason- 
able to suppose, therefore, that the benefit derived by modifying 
temperature is sufficient to have played any great part in caus- 
ing natural selection to evolve such an elaborate structure for this 
purpose. 

Relation 0] bud-scales to mechanical injury 0] the bud. 

The idea that the bud-scales serve to protect the delicate young 
tissues within from mechanical injury is of course not new. 31 In 
fact, probably everyone feels that this must be, if not the most impor- 
tant function, at least a prominent factor in the work of protection. 
Nevertheless the subject seems to have received little attention in 
physiological works. 

The young shoots of our definite-growing trees as they exist 
through the winter are very tender organs, composed mainly of 
thin-walled parenchyma. In most cases the epidermis is still thin, 
no fibrous or other supporting tissue has been developed, and the 
vascular bundles contain only spiral vessels, the result being that 
they are very brittle and capable of resisting only the slightest con- 
cussions. The effect of these abrasions is besides very much inten- 

3 1 Groom, P., Bud protection in dicotyledons. Trans. Linn. Soc. II. 3:255. 1893. 
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sified by the comparative rigidity of the twig to which the buds 
are attached. Danger to buds from mechanical causes during 
the winter may be classified under three heads: danger from birds, 
from passing objects, and from wind. 

Birds. — Young and tender plant tissue is a favorite food for 
some birds, as for instance the purple finch. 32 It is quite possible 
that if the bud-scales were absent from our native trees, many species 
of birds would take advantage of this easy method of obtaining 
food, at a time when food is scarce. More birds might remain 
in the North than now, so that altogether it seems probable that 
trees would suffer severely, if they were not actually killed, by the 
depredations. A firm hard armor is therefore desirable. 

Passing objects. — During my experiments with buds from which 
the scales had been removed to determine the effect of evaporation, 
etc., many buds were prepared in a thicket of lilac bushes about 
six feet high. I found great difficulty in passing through to inspect 
the buds without breaking off some of them. A moment's absent- 
mindedness while taking notes would frequently result in the de- 
struction of several buds, a very slight touch only being necessary 
to dislodge the tender shoot, and the brittleness was of course very 
much increased when the tissues were frozen. If the above results 
occurred when care was observed in passing, how much greater 
would be the damage caused by animals both large and small run- 
ning thorugh the dense copses in winter. Protective armor seems 
here again to be a necessity. 

Wind. — In our American climate, at least, this is much stronger 
in winter than in summer — in other words, at exactly the time when 
buds are frozen and therefore most brittle. The beating together 
of branches during a heavy wind storm could scarcely fail to do 
incalculable damage to a tree with unprotected buds. Schumann 33 
believed that one of the most, if not the most, important functions 
of bud-scales is to resist injury from heavy winds. I myself was 

32 Forbush, E. H., Birds and woodlands. Mass. State Board of Agric. Rep. 
1900:300. Beal, F. E. L., How birds affect the orchard. Year Book Dept. of 
Agric. 1900:291. Altum, Zerstorung von Baum- besonders Fichten- imd Kiefern- 
knospen durch Vogel. Zeitschr. Forst. u. Jagdu. 29:224-230. 1897. 

33 Schumann, C. R. G., Anatomische Studien uber die Knospenschuppen von 
Coniferen und dicotylen Holzgewachsen. Biblioth. Botan. 15:23. Cassel. 1889. 
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much impressed by the abrasive power of objects beaten about 
by the wind in winter in the case of firm paper tags attached by 
strings two inches long to twigs of apricot. During the winter 
they succeeded not only in marring the bark, but also in completely 
disintegrating all the buds within reach by simple contact while 
being blown about. It would seem that the beating together of 
larger and harder objects like the branches themselves would do 
even more damage. Therefore, in this case also a firm outer coat 
is demanded. 

I believe that we are justified in concluding from these consid- 
erations that mechanical protection is one of the most important 
functions of the bud-scales— indeed the most important of all. 

Some other suggested junctions oj bud-scales. 

Gruss 34 included the storing of food material as one of the func- 
tions of bud-scales. Bud-scales undoubtedly do store considerable 
food in some cases, but this is a secondary rather than a primary 
function. We can scarcely consider this as having been an impor- 
tant factor in the evolution of the scales. 

Groom 35 suggests injury from excess of light as one of the things 
from which bud-scales protect the delicate young tissue; that 
when about to unfold the cell walls are thin and the chlorophyll 
is dilute and easily decomposed. If we conclude that the red color 
in young plants is for the purpose of modifying the light, then per- 
haps there is some danger to the young tissues of the bud from too 
strong light, since these usually become red. No direct evidence 
however is at hand to warrant this conclusion, and since such pro- 
tection could be obtained with the expenditure of less energy by 
the use of hairs or bloom, there seems to be little reason for con- 
sidering this a determining function of the bud-scales. 

One of the most interesting suggestions is that of Cadura 36 
to the effect that in addition to protecting the delicate parts from 
loss of water, great radiation, cold, and too great gas interchange, 

34 GRiiss, J., Beitrage zur Biologie der Knospen. Jahrb. Wiss. Bot. 23:648. 1892. 

35 Groom, P., Bud protection in dicotyledons. Trans. Linn. Soc. II. 3:255. 1893. 

36 Cadura, R., Physiologische Anatomieder Knospendecken dicotyler Laubbaume. 
Breslau, pp. 42. 18S7. 
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bud-scales function beneficially by mechanically preventing too 
early opening of the buds. That buds, as for instance the horse- 
chestnut and lilac, do open several days earlier when deprived of 
their scales I have frequently noted in connection with the experi- 
ments conducted on desquamated buds in the greenhouse. Still 
the evidence is not sufficiently strong to warrant the assumption 
that this is an important and determining function of the scales. 
Scaleless buds in nature instead of opening very early open quite 
late, and, as Schumann 37 has insisted, many buds during warm 
wet autumns open in spite of the scales. My own observations 
would tend to show that at best they can retard the opening not 
more than three or four days. 

SUMMARY. 

Buds containing a considerable number of well differentiated or- 
gans are usually protected by scales. Those sunk in the bark usu- 
ally contain little besides the growing point or rudimentary leaves. 
Bud-scales are not only the most feasible structures for covering 
a large bud, but they also allow the bud to swell, and protect the 
young shoot when unfolding. 

The bud fundament in most trees is laid down early in the sum- 
mer, grows gradually till late autumn, remains dormant until early 
spring, then passes through a period of swelling preparatory to 
unfolding. 

Dark-colored buds are usually warmer within than light-colored 
ones; but the question whether there is any relation between dark 
color and the early opening of the buds was not decided. 

Ice may be found in most buds when the temperature has fallen 
as low as — 1 8° C. and usually in large quantities. Its absence in other 
cases is due to small-celled tissues and meager water content. 

Frozen twigs are smaller than normal ones. Their contraction 
occurs mainly in the bark. 

Frozen buds do not show this contraction so plainly, probably 
because of change of form in the bud-scales. 

The thawing of buds, if sufficiently slow, is per degree in inverse 

37 Schumann, C. R. G., Anatomische Studien iiber die Knospenschuppen von 
Coniferen und dicotylen Holzgcwachscm. Biblioth. Botan. 15:27. 1889. 
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ratio to the freezing, so that at the freezing point of the tissue all 
the ice will have disappeared. 

Regarding the function of bud-scales, there is little evidence 
that they function by keeping the water out; neither are they impor- 
tant to the plant as modifiers of temperature. 

Bud-scales have probably been evolved to prevent excessive 
transpiration and to protect the delicate tissue from mechanical 
injury. 

When the bud opens the scales often grow out, forming a tube- 
like structure which protects the young shoot from too great loss 
of water. 

The wool in such buds as horsechestnut is not to modify the 
temperature, but to protect the young shoot from too great transpi- 
ration. 

Cornell University, 
Ithaca, New York. 



